Foundries where non-ferrous metals are cast are often very hot and it is not uncommon in the height of summer for a foundry to be closed shortly after midday because conditions become too hot for sustained work. This survey of typical working environments in such foundries was made at the request of a Joint Standing Committee of the Ministry of Labour and National Service consisting of representatives of the employers and trade unions concerned, which was charged with studying safety, health, and welfare in non-ferrous foundries.
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The work done in these foundries fell into two main categories; in the first were tasks which involved only short exposures to intense heat, while in the second were tasks involving exposure to a hot environment continuously throughout the shift. The results of this survey show that it was only possible by the standard methods to measure very roughly the exposure in the former category of work but that a more accurate assessment could be made of the severity of the heat stress in the latter division.
From the observations made in this study it has been possible to indicate the main features which gave rise to the uncomfortably warm environments. A furnace was subsequently designed in which many of these undesirable features were omitted, with the result that working conditions were much improved and the efficiency of the use of fuel was increased markedly.
Methods of Measurement Surveys of the thermal environment in positions typically occupied by foundrymen were made, the values of the various thermal factors being measured.
Air temperatures were measured with an aspirated hygrometer, the bulbs of which were shielded from the influence of radiation by polished metal tubes.
The air speed was measured with a silvered katathermometer.
The intensity of radiation, expressed as the mean radiant temperature (M.R.T.), was measured both with a globe thermometer and with a thermopile, but the value obtained with the thermopile was used in preference to that calculated from the reading of the globe thermometer because the elevation of the mean radiant temperature was due largely to a few local sources of high intensity rather than to a generally high temperature of the solid surroundings. In order to scan as nearly as possible a complete sphere round the point of measurement 76 individual readings in different directions were taken with the thermopile and the mean radiant temperature was calculated from the average value. Use of the thermopile also enabled the main sources of radiant heat to be located, and gave a quantitative indication of their relative severities at the point of measurement.
Results
(1) Short Exposures.-Foundrymen in charge of the larger furnaces, mostly the rotary or tilting type of melting furnace, spent much of their time some distance from the furnace waiting for a charge of metal to be melted. Thus, although the environment near to these furnaces was hot, especially when metal was being loaded into or poured from the furnace, the men were only exposed to such conditions for a relatively short time at infrequent intervals, usually of the order of a few minutes in each hour. Much of the heat in the environs of these furnaces emanated from the considerable volumes of flue-gas which were discharged directly into the air of the foundry, and from the furnaces themselves which were inadequately insulated. In Table 1 are listed some typical environments near furnaces of these types.
The intensity of radiation to which the furnaceman was exposed increased greatly when the furnace door was opened. An indication of the extent of this increase is given in the last two examples in (2) Long Exposures.-Some foundry workers, of whom those engaged in die casting formed the majority, spent almost the entire shift in the same environment. Die casters ladled molten metal from a bale-out furnace and poured it into a die. The dies were of two types, gravity dies into which the metal was poured directly from the ladle, and pressure dies into which the metal was injected under pressure after being poured by hand into the inlet. The gravity dies became very hot and were one of the sources of local, intense, thermal radiation. The radiation reaching the men from the pressure dies was less intense because the hot dies were screened by the pressure mechanism. When the metal had been in the die for a few moments and had solidified, the die was opened, the hot casting was removed, the die was re-assembled and a fresh cycle of operations was then started. A complete cycle took from one to five minutes depending upon the size of the casting and the intricacy of the die, and considerable muscular effort was involved in the work, particularly with the larger castings, for then up to about 10 lb. of metal had to be carried in the ladle and some of the individual sections of the die were relatively heavy.
Since the work was repetitive and of long duration it was possible to make more thorough assessments of the thermal environment than with the shorter exposures referred to in previous paragraphs.
In the conventional type of bale-out furnace studied in this investigation gas or oil was used as fuel. The metal to be melted was contained in a crucible which was situated in a cylindrical furnace. The fuel was supplied to a burner at the base of the furnace and burnt in the space between the furnace walls and the crucible, the metal being heated indirectly through the crucible walls. The top of the crucible was exposed, and molten metal was obtained by dipping a long-handled ladle into the crucible. A flue pipe at the back of the furnace discharged the flue-gases directly into the atmosphere at about 4 ft. from the floor. In order to obtain a sufficiently high rate of melting, and also to maintain a reducing atmosphere round the crucible which would suffer a decrease in thermal conductivity if allowed to oxidize, it was common practice to allow a tip of flame to protrude from the flue pipe.
Obviously, such a furnace was thermally inefficient.
A great deal of heat was lost to the environment in the form of convected heat from the flue-gases, and radiant heat both from the exposed surface of the molten metal and from the furnace body. described elsewhere (Turner, Lawrie, Eyden, and Edwards, 1956 ). Despite early misgivings regarding the metallurgical aspects of this method of melting, it has proved practicable to produce acceptable aluminium castings in both gravity and pressure dies using metal from such furnaces. The thermal efficiency of one of these furnaces was found to be about 32% compared with 13% for a conventional furnace. One furnace of this type has been in continual use for over six months without need of maintenance. The die casters using the furnace said that they preferred it to the conventional type because metal was melted at a greater rate and a high level of metal was thus maintained in the bale-out bath, so that the ladle could be applied obliquely, and the exposure of the die caster to radiation from the metal surface much reduced.
(4) Physiological Heat Stress.-In order to assess the severity of the heat stress imposed upon die casters working near the various types of bale-out furnace, the Belding-Hatch heat stress index has been applied.
In order to compute this index one needs to ascertain the rate at which heat must be lost by the evaporation of sweat if the body is to remain in thermal equilibrium. Hence one needs to know the rate at which the body is producing heat, and to compute the heat exchanges by radiation and convection. Belding and Hatch (1955) give a table showing the metabolic rates associated with various tasks, and they also give equations by means of which the convective and radiative exchanges can be computed on the assumption that the mean skin temperature is 950 F. The maximum evaporative capacity, under the given conditions of atmospheric humidity and wind speed when the skin is completely wet, is also calculated.
From the figures so obtained the heat-stress index is calculated in two ways. The rate of evaporative heat-loss required to maintain equilibrium is expressed as a percentage (a) of 2,400 B.Th.U. an hour, the rate of heat-loss when 1 litre of sweat is evaporated each hour; and (b) of the maximum rate at which sweat could be evaporated from a completely wet skin. The higher value so obtained is taken as the index of heat stress.
The assumption that the mean skin temperature is invariable at 95°F. is a drawback of the method, but short of measuring it for every estimation there seems to be no other approach. In the light of present knowledge it is impossible, from a knowledge of the environment and of the metabolic rate, to predict the mean skin temperature with the desirable accuracy. For the wide application of the method in industry there is the disadvantage that the equations apply strictly only to nude men, and estimates of the heat load may be seriously in error if heavy clothing is worn. Belding and Hatch think that no serious error will arise if only single layers of light-weight clothing are worn.
Despite these limitations, however, the index does give a fair quantitative comparison of different environments. Values of the index for two environments which are typical of conditions found near the various furnaces are given in Table 3 . Since the foundry workers were clothed the heat stress to which they were subjected would tend to be greater than that indicated.
Belding and Hatch express the meaning of various values of the index in terms of the severity of the effects on persons exposed for eight hours. For values between 50 and 60 they say that there is severe heat strain, and that medical selection of personnel is desirable since the conditions are unsuitable for persons having cardiovascular or respiratory impairments. A comparison of the results given in Table 2 with the first example in Table 3 shows that many of the environments near the conventional type of furnace would fall in this range.
Environments where the value of the index is between 20 and 30 are said to produce only mild heat strain, insufficient to cause significant decrement in the ability to perform muscular work, although there may be substantial decrements in the performance of intellectual tasks in such environments. Thus it would seem that with electric and reverberatory furnaces the heat stress is small in comparison with that caused by the conventional furnaces.
In one foundry, which was typical of many where the conventional oil-fired furnaces were in use, it was possible to measure the sweat losses of a small A notable example of the ameliorative effect of increased ventilation was seen in one foundry in which there was a row of furnaces used for melting a magnesium alloy. Dense fumes are emitted from molten magnesium, particularly when flux is added. Very lavish exhaust ventilation had been applied to the furnaces to remove the fumes, and as a result the total volume of air removed from the foundry was so great that the air temperature was little above that outside. Although the radiation intensity was similar to that in foundries where aluminium was melted, but where such lavish exhaust ventilation was not considered to be essential, the subjective impression was of a much more comfortable working environment.
It has been shown during this study that it is possible in the design of equipment to exclude the sources of waste heat to a large extent, thereby achieving a much more efficient use of fuel. The capital cost of the reverberatory furnace referred to earlier compared favourably with that of the conventional type of bale-out furnace; the maintenance costs were much less because there was no crucible to be replaced regularly, and the fuel consumption was much reduced. It thus seems that the replacement of inefficient furnaces would result not only in better working conditions, but also in a considerable reduction of running costs. Summary A study has been made of the thermal environment in positions typically occupied by foundrymen in non-ferrous foundries.
Two groups of tasks were studied, one involving short exposures to intense heat, the other involving exposure to a hot environment continuously throughout the shift. Measurements are given of thermal radiation intensities during the short exposures to which the furnacemen were subjected when the furnace door was opened. In the longer exposures, measurements are given for conventional oil-fired furnaces, a low-frequency induction electrical furnace, and a reverberatory oil-fired furnace.
In order to assess the severity of heat stress imposed upon die casters working near various types of bale-out furnaces, Belding-Hatch heat stress indices were calculated for three workers over three shifts. Attention is drawn to the limitations inherent in this index.
In one foundry, actual sweat losses of a small sample of the workers were measured and compared with the predicted rates of sweat loss. The observations showed that conditions in foundries, particularly where conventional oil-or gas-fired furnaces were used, were often such as to impose severe heat stress upon the workers. An example is given of the ameliorative effects of increased exhaust ventilation.
Much less thermal radiation was produced by the reverberatory furnace than by conventional types of furnace. It is concluded that the replacement of the less efficient conventional furnaces would not only result in better working conditions, but also in a considerable reduction in running costs.
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